Background: Urinary albumin excretion (UAE) and estimated glomerular filtration rate (eGFR) have been used separately to provide information about cardiovascular risk. We analyzed whether UAE and eGFR used together provide complementary information.
2.15; 95% confidence interval [CI], 1.33-3.49; HR for low eGFR, 2.14; 95% CI, 1.32-3.48). Kidney dysfunction defined by both markers predicted cardiovascular disease independently of sex, age, hypertension, hypercholesterolemia, smoking, diabetes mellitus, prior cardiovascular disease, left ventricular hypertrophy, and obesity (HR, 1.50; 95% CI, 1.05-2.14). The discriminant power of dysfunction defined by both markers was statistically significant (area under the receiver operating characteristic curve, 0.569 [P=.02]) and slightly higher than what was found with 1 marker of diabetes mellitus, prior cardiovascular disease, left ventricular hypertrophy, and obesity.
Conclusions: High UAE and low eGFR provide complementary information in defining kidney dysfunction because they cluster in different individuals. Concomitant evaluation of both markers should be considered to adequately assess kidney dysfunction and cardiovascular risk. Med. 2008; 168(6) : [617] [618] [619] [620] [621] [622] [623] [624] S EVERAL GUIDELINES INDICATE kidney dysfunction as a cardiovascular risk factor on the basis of data showing a relation with cardiovascular disease for 2 markers of kidney function: urinary albumin excretion (UAE) and glomerular filtration rate (GFR). [1] [2] [3] Longitudinal population-based studies support these statements. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] For UAE, cardiovascular risk was elevated in persons with macroalbuminuria [4] [5] [6] and microalbuminuria. [7] [8] [9] For GFR, cardiovascular risk was elevated in persons with clinically elevated serum creatinine levels [10] [11] [12] [13] [14] [15] and by calculation of the estimated GFR (eGFR). [16] [17] [18] [19] [20] [21] To our knowledge, no previous studies have reported complete data on both UAE and eGFR. Thus, it is uncertain whether the 2 markers of kidney function provide complementary or overlapping information for cardiovascular risk. This point could be important for understanding the mechanisms linking kidney dysfunction to cardiovascular disease and for practical considerations regarding the optimal workup for the assessment of cardiovascular risk.
Arch Intern
The main objective of the present population-based study was to investigate prospectively the association with cardiovascular disease of kidney dysfunction defined using 2 markers (high UAE and low eGFR) compared with kidney dysfunction defined using a single marker (high UAE alone or low eGFR alone, alternatively).
METHODS
The Gubbio Population Study is an investigation of a population sample residing in the city of Gubbio in central Italy. 22 Activities were approved by the local institutional committee and included an informed consent. Previous studies report information on response rates, responders and nonresponders, similarities of the Gubbio population to the Italian population, and the timing of examinations. [22] [23] [24] [25] [26] [27] The target cohort of the present analysisislimitedtoexamineesaged45to64years at the 1989-1992 examination (hereinafter referred to as the baseline examination) because UAE was measured only for these individuals. 24 The baseline examination included the collection of timed overnight urine samples and morning blood samples under fasting conditions, the administration of questionnaires on cardiovascular disease and treatment, 28 a 12-lead electrocardiogram interpreted according to the Minnesota code, 28 and measurements of anthropometry and blood pressure. Measurements of laboratory values were performed by means of automated procedures and included levels of urinary albumin (using immunoturbidimetry after ultrafiltration), 24 serum glucose, total and high-density lipoprotein cholesterol, 22, 24 and serum creatinine (using a kinetic alkaline picrate assay). 27 The intra-assay error in daily blind duplicates was less than 10% for urinary albumin levels and less than 5% for serum variables. Trained physicians administered questionnaires and measured blood pressure after a 5-minute rest in the sitting position using mercury sphygmomanometers and cuffs of appropriate size. The mean of the second and third blood pressure measurements was used for analyses.
KIDNEY FUNCTION
The UAE was expressed in micrograms per minute, not as the ratio of urinary albumin to creatinine levels, to avoid the misclassification of a high ratio secondary to low urinary creatinine levels. 26 The eGFR was calculated by the following abbreviated equation of the Modification Diet in Renal Disease Study (MDRD) The ethnicity factor of the equation was not used because the Gubbio population is exclusively white. For the creatinine assay in the study, the MDRD equation was the best predictor of true GFR 29 and of disorders associated with low kidney function. 27 The MDRD equation has been questioned because it may underestimate the true GFR in the normal-high range 30 and in women. 27, 29 To reduce these biases, main analyses were performed using a low eGFR definition derived from data distribution within the study cohort, that is, using the lowest decile of the distribution analyzed separately for men and women. To avoid differences in the statistical power (ie, groups of different size), the main analyses for high UAE were conducted in a similar fashion. High UAE was defined as the highest decile of the distribution, which was analyzed separately for men and women to reduce the confounding of sex. 24, 31 Three definitions were used for kidney dysfunction (categorical variable, yes or no). With the use of 1 marker, dysfunction was defined as a high UAE regardless of eGFR (using UAE alone) or, alternatively, as a low eGFR regardless of UAE (using eGFR alone). With the use of both markers, dysfunction was defined as composite dysfunction and included high UAE without low eGFR, low eGFR without high UAE, or high UAE and low eGFR. Other analyses focused on the thresholds suggested in clinical practice for UAE (Ն20 µg/min) and eGFR (Ͻ60 mL/min/1.73 m 2 ).
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CARDIOVASCULAR RISK FACTORS
Hypertension was defined as a systolic pressure of 140 mm Hg or higher, a diastolic pressure of 90 mm Hg or higher, and/or reported drug treatment for hypertension. Hypercholesterolemia was defined as a serum total cholesterol level of 240 mg/dL or higher (to convert to millimoles per liter, multiply by 0.0259) and/or reported drug treatment for hypercholesterolemia. Smoking habit was self-reported information and had been validated by measurement of exhaled carbon monoxide level. 32 Diabetes mellitus was defined as a fasting serum glucose level of 126 mg/dL or higher (to convert to millimoles per liter, multiply by 0.0555) and/or reported treatment with 1 or more antidiabetic drugs or insulin. Obesity was defined as a body mass index (calculated as weight in kilograms divided by height in meters squared) of 30 or higher. Left ventricular hypertrophy was defined as high-amplitude R waves on the electrocardiogram in the absence of block patterns.
PRIOR CARDIOVASCULAR DISEASE
Prevalent cardiovascular disease was used as a covariate in analyses about incident events because preexisting disease predicts incident disease. 33 Prior cardiovascular disease was defined as preexisting cerebrovascular disease, ischemic heart disease, or peripheral artery disease. Cerebrovascular disease was defined as reported revascularization of a carotid artery or other cerebral arteries and/or as a reported diagnosis of ischemic or hemorrhagic stroke combined with stroke symptoms. 28 Ischemic heart disease was defined as reported revascularization of the coronary arteries and/or electrocardiographic abnormalities specific to myocardial infarction, 25, 28 a criterion that aimed at reducing the misclassification of unrecognized or silent infarctions. [34] [35] [36] Peripheral artery disease was defined as reported revascularization of the aorta or of peripheral arteries.
INCIDENT EVENTS
The end point of the analyses was the incidence of events (hospitalizations and deaths) between the baseline examination and the censoring date (May 31, 2001, for living persons or the date of death for fatal events). Diagnoses from hospitalizations and mortality data (municipal registry) were systematically collected. This information was reviewed by an independent observer (A.M.) for coherence with reported data and coded according to the World Health Organization's International Classification of Diseases, Ninth Revision (ICD-9). For the definition of preexisting cardiovascular disease, an incident cardiovascular disease was defined as an event that signaled cerebrovascular disease, ischemic heart disease, or peripheral artery disease. Incident cerebrovascular disease was defined as a hospitalization with revascularization of a carotid artery or other cerebral arteries or with a diagnosis of ischemic or hemorrhagic stroke (ICD-9 codes 430-434, 436, or 433, nonfatal event) or as death due to ischemic or hemorrhagic stroke (ICD-9 codes 430-438, fatal event). Incident ischemic heart disease was defined as a hospitalization with revascularization of the coronary arteries or with a diagnosis of myocardial infarction (ICD-9 codes 410-411 or 414, nonfatal event) or as death due to myocardial infarction (ICD-9 codes 410-414, fatal event). Incident peripheral artery disease was defined as a hospitalization with revascularization of the aorta or of other peripheral arteries (ICD-9 code 441, nonfatal event) or with a diagnosis of aortic aneurysm or as death due to aortic aneurysm (ICD-9 code 441, fatal event). An incident event for other diseases was defined as death (not hospitalization) for causes other than those defined as cardiovascular disease. In the case of a nonfatal event followed by a fatal event, priority was given to the nonfatal event. In the case of multiple causes of death, a hierarchical system was used giving priority to violent causes, advanced cancer, ischemic heart disease, and cerebrovascular disease, in that order.
STATISTICAL ANALYSIS
The main analyses were designed to compare the definitions of dysfunction based on the population-derived thresholds of kidney function (highest decile for UAE and lowest decile for eGFR). Ancillary analyses focused on the data for the thresholds of kidney function suggested in clinical practice (UAE, Ն20 µg/min; eGFR, Ͻ60 mL/min/1.73 m 2 ) and on the relation of UAE or eGFR to cardiovascular events in individuals without kidney dysfunction.
Statistical procedures included
2 analysis with calculation of odds ratio (OR), McNemar test, correlation analysis, proportional hazard ratio (HR) by Cox regression, and 95% confidence interval (CI). The discriminant power for incident events was assessed by receiver operating characteristic curves with calculation of the area under the curve (AUC).
RESULTS
Nineteen of the 1684 individuals with baseline ages of 45 to 64 years in the Gubbio population were excluded because of missing electrocardiographic data. Thus, the study cohort was composed of 1665 individuals. Descriptive statistics in the whole cohort for baseline values of cardiovascular risk factors and kidney function were previously reported with and without inclusion of diabetic individuals. [24] [25] [26] The mean (SD) for the interval between the baseline examination and the censoring date was 10.4 (2.2) years. The number of person-years was 17 336. The number of events was 110 for cardiovascular disease and 86 for other diseases. The incidence of events was 0.64% per year for cardiovascular disease and 0.50% per year for other diseases.
UAE AND eGFR AS SEPARATE MARKERS OF KIDNEY DYSFUNCTION
The cutoff for high UAE (highest decile) was 18.61 µg/ min or higher in men and 15.77 µg/min or higher in women. The cutoff for low eGFR (lowest decile) was less than 64.20 mL/min/1.73 m 2 in men and less than 57.90 mL/min/1.73 m 2 in women. With the use of a single marker (high UAE alone or low eGFR alone, alternatively), 1498 individuals (90.0%) were defined as having no dysfunction and 167 individuals (10.0%) as having dysfunction (74 men and 93 women). The number of individuals with dysfunction was identical using UAE or eGFR, as expected according to the decile-based definition. With the use of both markers (composite dysfunction), only 1354 individuals (81.3%) were defined as having no dysfunction and 311 (18.7%) as having dysfunction (1.86 times higher than the number using a single marker, P Ͻ .001). These changes in the number of individuals with or without dysfunction reflected the weak association between high UAE and low eGFR (P=.12) that clustered in different subgroups as shown by the following cross-tabulation: 1354 individuals without high UAE and without low eGFR; 144 individuals with high UAE and without low eGFR (isolated high UAE); 144 individuals with low eGFR and without high UAE (isolated low eGFR); and 23 individuals with high UAE and low eGFR. Thus, when we used high UAE alone, 144 individuals were defined as having no dysfunction despite having a low eGFR. When we used low eGFR alone, 144 individuals were defined as having no dysfunction despite having a high UAE. The markers UAE and eGFR were also not associated with each other in analyses using clinical thresholds of kidney function (association between a UAE of Ն20 µg/ min and an eGFR of Ͻ 60 mL/min/1.73 m 2 , n=77 and n=177, respectively [P =.94]) and in analyses across the whole range of UAE and eGFR values (Figure 1) . When kidney dysfunction was defined using both markers (composite dysfunction), the HR for cardiovascular events was 2.09 compared with no kidney dysfunction (95% CI, 1.39-3.13). Findings were similar when this HR was calculated separately for men and women (2.22 and 2.10, respectively), for nonfatal and fatal events (1.89 and 3.97, respectively), and for ischemic heart disease and other cardiovascular disease (2.10 and 1.84, respectively). Table 3 shows the HR for cardiovascular events associated with kidney dysfunction and other variables in multivariate Cox models. Analyses were limited to the kidney dysfunction defined using both markers (composite dysfunction) compared with no kidney dysfunction because definitions using 1 marker misclassified individuals with isolated low eGFR (definition by high UAE alone) or with isolated high UAE (definition by low eGFR alone).
KIDNEY DYSFUNCTION AND BASELINE CORRELATES
MULTIVARIATE ANALYSES
The following 3 models were analyzed for investigation about different presentations of incident cardiovascular disease: model 1 for first events (nonfatal and fatal events in individuals without prior cardiovascular disease); model 2 for first or recurrent events (nonfatal and fatal events in the whole cohort including individuals with prior cardiovascular disease); and model 3 for fatal events (fatal events only in the entire cohort). The HR of kidney dysfunction was significant in all models. Three similar additional models were analyzed using categorical variables as follows: obesity replacing body mass index, hypertension replacing systolic pressure and antihypertensive treatment, and hypercholesterolemia replacing serum total cholesterol level. The HR of composite dysfunction was elevated in these models (HRs, 1.41, 1.45, and 2.49, respectively [PϽ .05]). For the additional categorical variables, HR was never significant for obesity (P Ͼ.5), significant for hypercholesterolemia in models on nonfatal and fatal events in the entire cohort (HRs, 1.55 and 1.58, respectively [PϽ.05]), and significant for hypertension in all models (HRs, 1.80, 1.92, and 1.98, respectively [P Ͻ .05]).
The area under the receiver operating characteristic curve of composite dysfunction was 0.569 (P=.02), a value that ranked between the AUCs of hypertension, smoking, and hypercholesterolemia (0.601, 0.572, and 0.570, respectively [P Յ.01]) and the AUCs of prior cardiovascular disease, left ventricular hypertrophy, diabetes mellitus, and obesity (0.541, 0.534, 0.524, and 0.517, respectively [PϾ.15]). The AUC of composite dysfunction was higher for fatal events than for nonfatal events (0.639 [P =.054] and 0.557 [P=.07], respectively).
RELATION OF UAE AND eGFR TO EVENTS IN INDIVIDUALS WITHOUT KIDNEY DYSFUNCTION
In analyses limited to individuals without high UAE (Ͻ 18.61 µg/min in men and Ͻ 15.77 µg/min in women), the incidence of cardiovascular events did not differ among UAE tertiles (6.2%, 7.5%, and 6.1% [P=.35] ). The relation between UAE and events was not signifi- a Indicates with high UAE (highest sex-specific decile) or with low eGFR (lowest sex-specific decile).
b Indicates with high UAE and without low eGFR. c Indicates with low eGFR and without high UAE. ) compared with kidney dysfunction divided subjects into the following 3 subgroups: isolated high UAE (n = 144 with high UAE and without low eGFR), isolated low eGFR (n = 144 with low eGFR and without high UAE), and high UAE and low eGFR (n = 23). High UAE was defined as a UAE in the highest sex-specific decile, and low eGFR was defined as an eGFR in the lowest sex-specific decile.
cant in any analysis limited to these individuals, even when using UAE as a continuous variable (data not shown).
In analyses limited to individuals without low eGFR (Ն64.20 mL/min/1.73 m 2 in men and Ն 57.90 mL/min/ 1.73 m 2 in women), the incidence of cardiovascular events did not differ among eGFR tertiles (8.2%, 6.3%, and 6.3% [P=.13] ). The relation between eGFR and events was not significant in any analysis limited to these individuals, even when using eGFR as a continuous variable (data not shown).
COMMENT
This population-based study reports several new observations in support of the idea that the measurement of 2 markers of kidney function-UAE and eGFRprovides additional and independent information for assessing cardiovascular risk. First, the 2 markers were not associated with each other as proved by analyses using the highest UAE decile and the lowest eGFR decile, by analyses using clinical definitions of altered UAE and eGFR, and by analyses on the entire range of UAE and eGFR values. The lack of the association between these 2 markers implied that high UAE and low eGFR tended to mark separate groups in the population and that the number of individuals defined as having kidney dysfunction was higher when using both markers than when using one. Second, high UAE and low eGFR were associated with high cardiovascular risk independently of each other, as proved by data for the subgroups with isolated high UAE or isolated low eGFR. The association with cardiovascular disease was of similar strength for high UAE and low eGFR, significant longitudinally (as well as crosssectionally), and independent of the few individuals carrying both markers of kidney dysfunction (high UAE and low eGFR). Third, for prediction of cardiovascular disease, the definition of dysfunction based on both markers had a discriminant power similar to that of traditional factors. In addition, the study provides further information on the independence of the association between kidney dysfunction and cardiovascular disease showing that, when defined by both markers, the association of dysfunction with cardiovascular disease is statistically independent of several other factors. Caution should be used in extrapolating these observations to other populations given that the study involved only middleaged white subjects with a low prevalence of diabetes mellitus.
The present results agree with reports of a relation between microalbuminuria and incident cardiovascular disease, [7] [8] [9] confirming that the relation exists also with nonfatal events. 9 For low eGFR and incident cardiovascular disease, the results support the large number of studies reporting an independent relation. 10, 12, [15] [16] [17] [18] [19] [20] [21] The sample size and the number of events were the major limitations of this study. These limitations affected the power of the study but were unlikely to cause a substantial bias because the results for traditional predictors of cardiovascular risk were in agreement with expectations for middle-aged persons. For UAE, the absolute urinary excretion was preferred to the ratio of urinary albumin to creatinine levels to avoid the misclassifica- tion of individuals with a high ratio secondary to low muscular mass. 26 For eGFR, the method used in the study was the best predictor of true GFR in clinical settings 29 and of disorders associated with low kidney function in the population. 27 The use of cutoffs derived from the sexspecific distribution of kidney function in the population was designed to achieve groups of similar size and to reduce the bias secondary to laboratory-specific factors 37 or to the effects of sex on UAE 24, 31 and eGFR. 27, 38 These results have practical implications on the usefulness of the assessment of kidney function in the estimation of cardiovascular risk. The findings appear meaningful from a clinical viewpoint because the excess of cardiovascular disease associated with kidney dysfunction was of a magnitude similar to that associated with traditional factors. Analyses of the mechanisms linking kidney dysfunction to cardiovascular disease were beyond the aims of this study. High UAE is considered a sign of endothelial damage secondary to uncontrolled cardiovascular risk factors. [1] [2] [3] For eGFR, several factors could represent a link between a low GFR and increased cardiovascular risk (eg, activation of the renin-angiotensin system, anemia, and hyperhomocysteinemia). [1] [2] [3] The data support the view that high UAE and low eGFR are separate entities in relation to cardiovascular risk because the 2 markers clustered in different groups and predicted cardiovascular disease independently of each other. The interaction between high UAE and low eGFR in the prediction of cardiovascular risk suggests some interdependence between the underlying mechanisms, although the small number of individuals with high UAE and low eGFR suggests that further investigation in larger samples is needed. Altogether these results agree with the concept that kidney dysfunction may be regarded as a quantifiable index of cardiovascular risk. The lack of a continuous relation across the whole range of UAE and eGFR supports the view that the relation is nonlinear and significant only beyond a given threshold. 39 
CONCLUSIONS
This study shows that high UAE and low eGFR do not run together in the population. The use of only 1 of these 2 markers underscores the potential to misclassify patients as having no kidney dysfunction, resulting in less intensive management of their disease. Also, the association of kidney dysfunction with cardiovascular disease is highlighted because high UAE and low eGFR mark different groups of persons with high cardiovascular risk. Further studies are needed to explore the factors responsible for the different expression of kidney dysfunction and the possible countermeasures.
